The objective of this study was to identify the differences in obesity rates among people with and without disabilities, and evaluate the relationship between obesity rates and the existence of disabilities or characteristics of disabilities.
INTODUCTION
The obesity rate in South Korea has been steadily on the rise. According to the Korea National Health and Nutrition Examination Survey, South Korea's obesity rate of adults aged 19 or older rose to 31.3% in 2009 from 26.0% in 1998 [1] . It is known that obesity causes chronic diseases and raises overall mortality, with psychological and social side-effects such as lowered self-esteem and impaired social functioning well as negative influences on health-related quality of life [2] [3] [4] .
One of the groups with a high risk of obesity is people with disabilities, among whom high obesity rates are continuously being reported [5] . The mechanism underlying high obesity rates of the people with disabilities is not clearly known, but it is conjectured that pathophysiological changes in body composition and the energy metabolism due to physical inactivity and muscle atrophy could cause obesity [6] . It was reported that people with physical disability have an obesity rate approximately 1.2 to 3.9 times higher than that of those without physical disability. In particular, people with disabilities have a noticeably higher rate in the category of severe obesity, with a steadily rising trend [6] [7] [8] .
Nonetheless, there are many barriers to the prevention and management of obesity in people with disabilities. They have difficulties in performing outdoor activities, and even though they have the same desires as those without disabilities, their desires are often not satisfied because of disabilities in physical and/or linguistic functions, resulting in obstacles to health promoting behaviors [9] . Despite this vulnerability in physical activity, health risks, and resultant lower quality of life, research interest in people with disabilities, specifically regarding problems of obesity, chronic diseases, and other health issues affected by disabilities has been low, with insufficient studies published on this subject [10] .
People with disabilities have a greater need for healthcare services because of their vulnerable health conditions, but suffer from unmet needs for healthcare services [11] [12] [13] . Also, when a new health problem unrelated their disability arises, it often leads to a secondary dysfunction. Therefore, prevention and management of obesity in people with disabilities should start with identifying the current status of obesity, and how disability characteristics influence obesity problems. In this regard, this study aimed to identify the differences in obesity rates among people with and without disabilities, and evaluated the relationship between obesity rates and the existence of disabilities or characteristics of disabilities.
METHODS

Study Population
First, among those who participating in mass screening provided by the National Health Insurance (NHI) in 2008, the total population of people with disabilities registered in the National Disability Registry in 2008 was determined. Then, those classified as having a 'physical disability' were selected and were classified again into three subtypes as follows: upperlimb disability, lower-limb disability, and spinal cord injury. The data on people without disabilities were constructed by matching the aforementioned data by disability subtype as well as by gender, age, and region, in doubled numbers. The study population of the people with disabilities constructed through these processes was 87 057 people with upper-limb disability, 154 997 people with lower-limb disability, and 92 623 people with spinal cord injury, and was compared with the population of people without disabilities correlated with the people with disabilities in the manner described above, for the final analysis.
The reason that people with 'physical disability' were selected was that there was a need to focus on physical impairment considering different characteristics by different disability types. Furthermore, the proportion of 'physical disability' was the highest, comprising 53.0% of the total population of the people with disabilities, compared with other categories of disabilities.
Definition of Variables
Age was classified into three groups in accordance with the life cycle: age 19 to 44, age 45 to 64, and age 65 or older. As for health insurance contributions, the total study population was divided into 5 categories under employee health insurance plans or self-employed health insurance plans. Health insurance contributions were used as a substitute indicator in the estimation of the financial status of those analyzed in this study. Other sociological factors such as education and family were not used in the analysis because of unavailability of such information in many cases in the National Disability Registry.
For the variables related to health behaviors, interview questions used in the NHI mass screening in 2008 were utilized to obtain information on alcohol, diet, exercise, etc.
Alcohol history was described by considering such factors such as quantity and frequency of drinking; those who had at least one weekly occasion of drinking one bottle or more of Soju at a given drinking session over the past year were classified into the high-risk drinking group. Because of the limitations of the interview questions regarding drinking history, the same criteria were applied regardless of gender. As for diet-related information, those who answered the question, "What kind of food do you usually eat?" with "mostly meat" were defined as 'primarily meat-eaters' and those who answered with "mostly vegetables" or "balanced diet with both vegetables and meat" as 'primarily non meat-eaters. ' With regard to the information on physical exercise, the classification criteria were intensity and frequency of exercise. Those who exercised three times or more a week at an intensity great enough to work up a sweat were defined as 'moderate intensity exercise group' and those who exercised less than three
Association of Disability and Obesity
times or not at all as 'non-moderate intensity exercise group. ' Under the Act on the Welfare of the Handicapped, physical disability is defined as a permanent state of physical dysfunction due to a disease or damage to the bone, the muscle, or the nervous system, and is classified into three subtypes in accordance with loss or deformation of the outer body (upperlimb, lower-limb, and spinal cord). The degree of disability is classified into six grades, and it can be used as a substitute indicator of mobility; the degree of mobility impairment in people with disabilities has been re-defined in many studies with reference to the criteria that determine the grade of disability [14] . This study also utilized grade of disability as an analysis variable and as a substitute indicator to show the degree of disability in walking and daily movement.
In this study, the duration of disability represents the period from the first registered year of disability to the year 2008 when the relevant data were entered into the National Disability Registry. Duration was classified into four groups by quartile value.
Statistical Analysis
In this study, a BMI of 25 kg/m 2 or over was defined as obese, in accordance with the BMI criteria presented by the Korean Society for Study of Obesity. In the case of people with disabilities, there is a significant variance in the participation rates in mass screening by gender, age, and grade of disability [15] . Therefore, it is necessary to adjust the obesity rate of the study group such that it represents the obesity rate of the total population of people with disabilities. For this, in order to make the sample conform to the population in terms of the distribution of disability grades, weighted values stratified by gender, age, and grade of disability were calculated. A weighted value was also applied to the group of people without disabilities in accordance with the population structure by gender and by age in the National Disability Registry, for comparison with the people with disabilities group.
A chi-squared analysis was conducted to identify the differences in the obesity rates between the people with and without disabilities by disability type and a chi-squared analysis for trend was carried out to identify changes in the obesity rate depending on disability characteristics. Finally, in order to analyze the influence of disability on the obesity rate, a multiple logistic regression analysis was conducted by using the obesity rate as an outcome variable. At the time of the analysis, multicollinearity between variables was identified and variables with 10 variance inflation factors or over were excluded. As for the logistic procedure, a survey-logistic procedure was used for the analysis with a weighted value [16, 17] .
For the statistical program, SAS version 9.2 (SAS Inc., Cary, NC, USA) was used, and the analysis was conducted after gaining approval of the Institutional Review Board of Seoul National University Hospital.
RESULTS
Characteristics of the subjects of this study by disability type are shown in Table 1 . The proportion of males was higher than females for the disability types except spinal cord injury. As for age, the proportion of people aged 45 to 64 was highest in all disability types. In the classification of employee health insurance versus self-employed health insurance, the proportion of those under a self-employed health insurance plan was higher than those under an employee health insurance plan for all disability types. With regard to health-related behaviors, the proportion of 'primarily meat-eaters' was highest (7.4%) in the upper-limb disability, and the proportion of high-risk drinking experience was also highest in the same group. The obesity rates of the people with physical disability were higher than those of the people without disabilities for all subtypes (Table 2) . A univariate analysis showed that the obesity rates of people with lower-limb disability or spinal cord injury were higher than those of the people without disabilities, and demographic and sociological factors showed a significant difference between the people with and without disabilities. The obesity rate of people with upper-limb disability was also higher than that of people without disabilities, but without statistical significance.
All three subtypes showed significant variances in obesity rates depending on grade of disability (Table 3 ). In the case of upper-limb disability, the obesity rates showed an increasing trend in accordance with mildness of disability, and in the case of lower-limb and spinal cord injury, obesity rates showed a decreasing trend from grade 4 after showing an increasing trend in accordance with mildness of disability. As for the obesity rates by duration of disability, there were significant variances by period among those with lower-limb or spinal cord injury. In the case of lower-limb disability, the longer the duration of disability was, the lower the obesity rate.
Multiple logistic regression with adjustments made to take into consideration demographic and sociological factors as well as health-related behaviors showed that the existence of disability exerts a significant influence on the obesity rate of people with physical disability (Table 4 ). In particular, in the case of lower-limb disability, there was a high odds ratio (1.471). As for the grade of disability, those with mild disability (grades 4, 5, and 6) showed a higher odds ratio than those with severe dis ability (grades 1, 2, and 3) for all subtypes.
DISCUSSION
In this study, the obesity rates of the people with physical disability were higher than those of the people without disabilities. And the obesity rate can manifest in different ways depending on the disability types. This is because the body functions that are maintained, the range of movements, and the extent of dietary restrictions due to impairment vary by disability type. In other words, while the odds ratio of the obesity rate for those with an upper-limb disability, who have few restrictions on physical activities but some limitations in dietary activities, was low, the odds ratio of the obesity rate for those with a lower-limb or spinal cord injury, who have many restrictions on physical activities but maintain functions required for dietary activities, was high. According to a 2008 report of the Ministry of Health and Welfare, while the basic activities of daily living (ADLs) of those with spinal cord injury stayed at a low level, ranging from 36.3% to 76.9%, the ADLs of those with upper-limb disability was maintained at a relatively high level, ranging from 85.4% to 97.2%. Also, in the case of upper-limb disability, the proportion of those with amputation and/or deformation below the elbow as well as joint dysfunctions, and therefore relatively few restrictions on physical activities, stood at 76.4%. That is, in the case of those with upper-limb disability, the extent of physiological changes and decrease in physical activity due to disability is considered to be not great enough to have a significant impact relative to people without disabilities. Also, considering the positive correlation between the degree of physical activity and energy metabolism, it is deemed that the energy metabolism of those with upper-limb disability is not substantially different from that of people without disabilities [18] . Meanwhile, restrictions on physical activities in the case of those with upper-limb disability can lead to limitations in dietary activities, which can also mitigate the influence of upper-limb disability on obesity rate. The results of this study did not reveal a significant differ- ence between the obesity rates of people with upper-limb disability and those of the people without disabilities, and showed that the influence of disability on obesity was not statistically significant in this group. This is likely due to the characteristics of upper-limb disability, which allow relative ease in performing whole-body physical activities while imposing limitations on dietary activities.
On the other hand, the obesity rates of people with lowerlimb disability or spinal cord injury were significantly higher than those of the people without disabilities. People with lower-limb disability maintain physical functions for eating but their physical activities are restricted in many ways. People with spinal cord injury, who are mostly wheelchair-bound in daily living, also have low-level abilities to perform physical activities, with weaker muscle strength and flexibility than people without disabilities [19] . Even in the case of acquired disabilities, it was observed that most people with spinal cord injury are noticeably weaker than people without disabilities of the same gender and the same age groups in terms of muscle strength, flexibility, cardiopulmonary functioning, and so forth, which may indicate lower energy metabolism due to disability [7] . In other words, people with lower-limb disability or spinal cord injury are more vulnerable to obesity since their overall physical activity is largely restricted, together with low energy metabolism, while they more or less maintain physical functions for eating. High obesity rates of those with lowerlimb disability and wheelchair-bound people with spinal cord injury have already been reported in many studies, supporting the results of this study [20, 21] .
This study has identified characteristic changes in the obesity rate by grade of disability. The odds ratio of the obesity rate was low in the case of severe disabilities (grades 1, 2, and 3) but higher in the case of mild disabilities (grades 4, 5, and 6), confirming vulnerability to obesity in the case of those with mild disabilities. It was found that even in the case of those with the same disability type, the influence on obesity rate varies, depending on the extent of restrictions on physical and dietary activities as well as differences in energy metabolism in accordance with grade of disability. In the case of people with severe disabilities, they tend to exert more energy during physical activities due to activity impairment caused by combinations of problems in vision, hearing, and static sense, and have difficulties in eating due to lowered cognitive function and a weakened state of consciousness [22] [23] [24] . In other words, people with severe disability show low obesity rates because of decreased calorie intake due to restrictions on physical activities and increased consumption of energy during physical activities. On the other hand, people with mild disabilities show high obesity rates because they maintain dietary activities with relatively few restrictions on physical activities and consume less energy during physical activities due to metabolism adjusted to disability. The reason why the odds ratio of the obesity rate is higher in the case of those with mild disabilities appears to be that there is a qualitative change in energy metabolism in addition to a quantitative decrease in physical activities due to physical disability. However, it is notable that the odds ratio of the obesity rate among people with lower-limb disability or spinal cord injury is lower in the case of grade 4 or milder disabilities while the odds ratio of the obesity rate among people with upper-limb disability tends to be higher as the degree of disability becomes milder. This appears to be because, in the case of people with lowerlimb disability or spinal cord injury, while maintaining abilities for dietary activities regardless of grade of disability, those with grade 4 or milder disabilities tend to recover abilities for physical activity. In contrast, those with upper-limb disability, tend to recover abilities for dietary activities as the degree of disability is milder.
Obesity rates showed a decreasing trend as the duration of disability becomes longer, and this trend was more prevalent in the case of those with lower-limb disability. We can consider three possibilities for these observations. First, 97% of physical disability is due to acquired factors. That is, there is a possibility of increased health vulnerability due to disability, when we consider that temporary or permanent impairment in physical, mental, behavioral, cognitive, and/or social functions is caused by acquired damage and increases the need for healthcare services. Second, there is a possibility that the obesity rate is lowered as the difference from people without disabilities in terms of health-promoting behaviors becomes smaller with stabilization of the disabled state. Third, there is a possibility of an increased obesity rate due to characteristics of BMI, which tend to increase with age, and changes that come with aging. In the case of people aged 65 or older, a significant difference in obesity rates was not observed between the people with and without disabilities.
In this study, it was observed that the obesity rates of people with physical disability tend to be higher as the grade of health insurance contributions becomes higher; in other words, as the income level rises. However, the difference in the obesity rates between the people with and without disabilities was greater in the low-income group and the group with poor health behaviors. Considering that low levels of education and household income increase restrictions on the physical activity of elderly people and that the socioeconomic status of people with disabilities tends to be relatively lower than that of people without disabilities, a combination of disabilities and low socioeconomic status can have a synergistic effect on obesity rate. The phenomenon of increasing obesity rate in accordance with income level has already been reported in many studies, and in this study, statistically significant differences in obesity rate were observed between those under an employee health insurance plan and those under a self-employed health insurance plan, with the employees showing higher obesity rates than the self-employed.
In this study, high obesity prevalence of people with disabilities was identified, and the influence of existence and degree of disability on obesity was evaluated. Furthermore, the need to consider metabolic and behavioral changes by type of disability and by grade of disability for understanding obesity in the people with disabilities was confirmed. This study has laid a foundation for establishing an effective strategy of intervention by identifying an intervention point to prevent obesity in the disabled through an analysis considering socioeconomic factors and characteristics by disability type.
While the data used in this study encompass the nation's whole population and provide objective information such as measurements of weight and height, they have the following limitations:
First, we need to acquire data on people with disabilities who were excluded from the NHI mass screening. Participation rates in the mass screening in 2008 were 67.4% in those with spinal cord injury, 63.6% in those with upper-limb disability, 59.9% in those with lower-limb disability. The rates also depend on socioeconomic factors and grade of disability. Considering the results of previous studies that showed that the participation rates in the NHI mass screening are lower in women, elderly people, and people with mobility impairment and/or severe disability, more effort will be required in future studies to acquire broader mass screening data that includes the recipients of healthcare services who were excluded from the NHI mass screening.
Second, given the restriction of resources, only some limited information on physical activities and dietary habits could be utilized without access to more specific information. In addition, there was a failure to consider various factors related to physical activities that include socioeconomic factors such as lack of resources to improve health and restricted accessibility, which are known to be major factors that restrict physical activity.
